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EXECUTIVE SUMMARY

The Everglades Nutrient Removal Project (ENR) is a 1,544 hectare (3,815 acre) constructed
wetland designed and operated for the demonstration of phosphorus (P) reduction from agricultural
runoft/drainage. The ENR is located in South Florida (26° 38 N, 80° 25 W) at the castern edge of
the Everglades Agricultural Area (EAA), a 240,000 ha (593,000 ac) area that is used primarily for
growing sugarcanc. Ecological changes in the Everglades have been partially auributed to an
increase in phosphorus (P) concentrations in the inflow waters from the EAA.

The 1994 Everglades Forever Actl requires that a mimimum of 25% of the P load in agricultural
drainage/runoff be removed at the busin level through the application of various agricultural Best
Management Practices (BMPs) on the farms. Further removal of P is to be achieved through
constructed wetland treatment systems known as Stormwater Treatment Areas (STAs) to an interim
concentration of 50 parts per billion (ppb). The ENR Project is a field scale prototype for the large
scale STAs and began full operation in August 1994. In order to operate the ENR cffectively,
quantify performance, and conduct mass balance studies, a water budget for the project is essential.
Water budget analyses for the previous three years of the project (August 19, 1994 to August 19,
1996; August 20, 1996 to August 19, 1997) have been reported elsewhere (SFWMD, 1996 and
Abtew and Mullen, 1997). This report summarizes the one-year water budget analysis covering the
period from August 20, 1997 to August 19, 1998,

The total inflow through the inflow pump was 12,023 hectare-meters (ha-m) or 97,484 acre-feet (ac-
ft) and the total outflow through the outflow pump was 11,450 ha-m (92,823 ac-ft). Seepage intlow
from the L-7 levee through the roadside culverts was 757 ha-m (6,137 ac-ft). The seepage
recirculation pumps had a total flow of 3,248 ha-m (26,331 ac-ft) and there was no significant flow
through culverts G-258 and G-259 as the gates were closed except for three days. Compared to the
average flows of the previous three years, this period had 29% lower inflow and 32% lower outflow
pumping. Seepage rccycle pumping was lower by 7.5%, while L-7 levee estimated secpage through
road side culverts was higher by 39% compared to the average of the previous three years. Total
areal average rainfall for the study period was 123.5 centimeters (cm) or 49.4 inches (in).
Compared to the average arcal rainfall for the previous three years, rainfall was lower by 29 cm
(11.6 in). The total areal average cvapotranspiration was 134.4 cm (52.9 in), which is 2.6% higher
than the average ET reported for the previous three years the project was in operation. The
remainders in the water balance, the sum of the errors and unknowns, was 9.1% of the inflows or
the outflows of the system.

The mean hydraulic loading ratc for the one-yeur period, bdsed on the G-250 pump inflow, was
2.13 centimeters per day (cm d”') or 0.84 inches per day (in d?). The estimated mean hydraulic
retention time was 25.4 days. The mean hydraulic retention time was computed as the ratio of
the mean-estimated volume of the ENR and the total inflow pumping. The mean-estimated
volume was computed from the area-weighted (by cell) mean depth of 54.1 cm (21.3 in) and
total area of 1544 ha (3,815 ac). The ENR is a new system with a relatively short period of
hydrologic record. Longer periods of record are more favorable to characterize the operation and
water balance of hydrologic systems. Groundwater modeling will help to quantify subsurface
sources and sinks in the system.
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INTRODUCTION

Background

The Everglades Nutrient Removal (ENR) Project is a 1,544 hecture (ha) or 3,815 acre (ac)
constructed wetland designed and operated for the demonstration of phosphorus reduction from
agricultural runoff/drainage. The project is located in South Florida (26 38 N, 80° 25 W) at the
eastern cdge of the Everglades Agricultural Area, a 240,000 ha (393,000 ac) area that is used
primarily for growing sugarcane (Figure 1). Ecological changes in the Everglades have been
partially attributed to an increase in phosphorus concentrations in the inflow waters of the EAA.
Local, state and federal initiatives have been undertaken to reduce P load from agricultural
runoff/drainage. Agricultural runoff/drainage from the EAA typically tlows south and southeast
through four primary canals (Miami, North New River, Hillshoro, and West Palm Beach).

The Everglades Forever Act requires that a minimum of 25% of the P lead in agricultural
drainage/runoff be removed at the basin Jevel through the application of various agricultural Best
Management Practices (Whalen and Whalen, 1994) on the farms. Further removal of P is to be
achieved through constructed wetland treatment systems known as Stormwaler Treatment Arcas
(STAs) to an interim outflow concentration of 50 ppb. The ENR Project is a field scale prototype
for the large scale STAs. It is built on farm land that is owned by the State of Florida and
previously leased (until 1988) to Knight's Farm for sugarcanc and corn production. Originally, the
land was part of the Everglades which consisted of wetland prairies, sloughs and stands of custard
apple (Davis, 1943). Construction of the ENR started in August 1992 and was completed in
October 1993. Full operation started in August 1994 and has continued over the past four years.

The purposc of this report is to analyze and document the hydrotogic mass balance for the ENR
Project. A water budgets is essential to quantify the performance of the wetland system in terms of
hydraulic capacity, inflow, and outflow sources. This information is the basis for water quality load
computations and performance efficiency evaluation.

Site Description

The ENR Project area is primarily covered by Okeechobee muck soils with very low topographic
relief and an average ground elevation of 3 meters (m) or 9.84 feet (ft) NGVD; a | to 2 m of peat
overlies several meters of carbonate rock (Jarnmal and Associates, Inc., 1991). A 12 km (7.5 mile)
levee surrounds the ENR and internal levees separale five interior cells. The ENR Project consists
of two parallel treatment trains of two cells each and a buffer cell (distribution cell). To the east, the
L-7 levee separates the ENR Project from the Loxahatchee Wildlife Refuge (Water Conservation
Area 1 (WCAL)), Figure 2. The northemn and western sides of the ENR arc cncompassed by a
seepage rcturn canal that separates the ENR levee from adjacent agricultural fields. The short
southern ENR levee runs along Knight's Farm which currently is not under cultivation. As shown in
Figure 2, the upper two cells, Cell 1 and 2, are referred to as flow way cells; the lower two cells,
Cell 3 and 4, are polishing cells. The castern treatment train carries water from the Buffer Cell to
Cell 1, then to Cell 3 and finally (o the outflow pump. The western treatment train carries water
from the Buffcr Cell to Cell 2, then to Cell 4 and finally to the outflow pump. Average ground
elevation and arca for each cell is shown in Table 1.
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Figure 1. Location of the Everglades Nutrient Removal Project.



Table 1. Site characteristics of the Everglades Nutrient Removal Project.

Cell Area Average Ground Elev. ‘ Land Cover*
ha (ac) m ({t) NGVD Cattails Mixed veg. Open water
(%) (%) (%)
Buffer 55( 136) 310¢10.17) 44.4 323 3.3
Cell | 525 (1297) 3.08 (10,17 35.0 20.0 45.0
Cell 2 414 (1023) 2.87( 947 60.3 9.3 304
Cell 3 404 { 998) 3.14(10.3" 212 44.3 28.5
Cell 4 146 { 361) 2.93( 9.67) 3.5 1.9 94.6
Total 1544 (3815) 3.02 (993 37.0 23,0 400

*gverage land cover (based on October 21, 1997 and April 22, 1998 observations).
"New ground elevation data provided by Mike Chimney.

Vegetation Cover and Monitoring

As part of the ENR monitoring plan, temporal and spatial changes of vegetation have been
documented using quartcrly acrial photography prior to 1995 and semiannually since 1993.
Average vegetation cover for the Buffer Cell and Cells 1, 2, 3, and 4 estimated from an aerial
pheotograph of October 21, 1997 and April 22, 1998, is shown in Table 1. The dominant cover is
open water/submerged vegetation (40%), followed by cattails (37%) and mixed vegetation (23%).
Significant changes occurred in coverage over the last four years the project has been in operation.
The first two years (August, 1994 to August, 1996), cattail was dominant (41.29%) followed by
open water (35.7%). Last year (August, 1996 to August, 1997) cattail was dominant (47.7%)
followed by mixed vegetation (30.2%). In this study vegetation cover information is used for
evapotranspiration estimation.

SYSTEM HYDRAULICS AND OPERATION

System Hydraulics

West Palm Beach canal water that would otherwise be pumped into the Loxahatchee Wildlife
Refuge or WCALI via the $5-A Pump Station is partially diverted 1o the ENR through five culverts
and a 3.4 km (2.1 mile) supply canal. Tnflow into the constructed wetland, outflow from the
constructed wetland, and seepage recycling are performed with lift pumps. The inflow pump ¢ statlon
((G-250) has six identical pumps with a total capacity of 16.98 cubic meters per second (m s} or
600 cubic feet per second (cfs). The inflow pumps lift water from the delivery canal into the Buffer
Cell. The outflow pump station (G-251) has six identical pumps with a total capacity of 12.74 m” s
(450 cfs). The outflow pumps lift treated effluent from the ENR into the Loxahatchee Wildlife
Refuge. Seepage from the seepage canal i m qumped into the Buffer Cell by three identical pumps
(G-250_8) with a total capacity of 5.66 m’ s (200 cfs). Pump discharge is computed as a function
of head and tail water stages and pump rotations per minute (rpm). Water surface elevation is
monitored by automated stage recorders. Statff gages supplement stage readings for operation.



Inter-cell flows are regulated with viscrs tiough 16,7 m (55 {u) long by 1.83 m (6 1) diameter
culvers. In the castern treatmenl train, water Tlows trom the BufTer Cell into Cell 1 through ten
culverts (G252A 1) and from Cell | wo Cell 3 through ten culverts (G253A-J). Water from Cell 3 is
dirceted o the outflow pump through collection canals, In the western treatment train, water flows
(rom the Buffer Cell into Cell 2 twough live culverts (G255A-F) and from Cell 2 to Cell 4 through
live culverts (G254A 19, Oullow tom Cell 4 moves through [ive culverts (G250A L) inlo a
discharee canal that leads to the outflow pump. Water can be recirculated from Cell 2 and Cetl 4
via the secpage canal by heing releused tnough culverts (G-258 and G-259, respectively) in the
weslern levee.  Water can be transloimed rom Cell 1 oto Cell 4 through culvert G-237 when
nceessary. Flow through culverts is bemy montored with Ultrasonic Velocity Meters (LUVMs).
ENR siructure focations and momitoring network are shown in Figure 2,

Operation

A preliminary operation plan was developed Tor the ENR by Guardo and Kosier (1993), The early
start-up and late start-up water depths and stages recommended in this plan are presented for each
cell in Table 2. ‘The seepage pump stuted operation in December 1993, Pumping was mainly to
recirculate water from the scepage canal und reroute water from cell to cell. The inflow and outilow
pumps started operating on August 19, 1991 marking the beginning of full scale operation of the
ENR. Inflow and outltow rceulations in the ENR are based on the stage in cach Cell, S-5A pump
station status, seepage (ests, construction operations, pump maintenance and other conditions.
Information on ENR operations is availible in the periodic summary of ENR site observations by
site managers (Memoranda by Tom Kosier und Richard Meeker, SFWMID).

HYDROLOGY AND HYDROLOGIC MONITORING
Rainfall

South Florida has a subtropical climate with a relutively high rainfall frequency ol occurrence and
magnitude.  On the average, 34% ol the anmual rnflall occurs in the dry season (November to
May), with the remaining 60 aceurring in the wel season (Func to October), Mean annual runfall
for the area is 133 centimeters (o) or 32 inches (in) as reported in Abtew and Khanal (1994).
Frontal rainfall occurs in the dry scason and have relaively lower spatial variation. Ranfall during
the wet season is associated with daily convective and tropical systems which have high spafial
variations,

Based on the high variation ol summer rainfull observations in the arca, a ten-gage rainfall network
was established to evaluate the optimunt wase density needed for the projeet arca, Network analysis
of the first wel season daily rainfall showed that five pages were sufficient for the arca (Abtew er
al., 1995), As u result, thice gages woere removed. A seven-gage nelwork 1s maintained because
two of the gages are associaled with the two weather stations, and four gages (one at the middle of
each cell) are part of the monitoring network required by the eperating permit, Table 3 lists all the
rainfall gaging stations and their corresponding database keys, while Tigure 2 shows gage locations.
Areal average rainfall on the project site was computed using a Thicssen-weighted average of the
seven-gage network (Table 3). Stations with tew instances of data gaps were estimated from the
closest gage. The daily distribution of arcal average rainfall for the study area (August 20, 1997 to



August 19, 1998) is depicted by Figure 3. Monthly summary of areal average rainfall is shown in
Table 4. The total areal average rainfall for the study pedod was 125.5 cm (49.4 in). Compared to
the yearly average areal rainfall for the previous three years, rainfall was lower by 29 cm (11.6 in).
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Figure 2, ENR Project structurcs and monitoring network.
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Figure 3. Daily distribution of areal average rainfall and evapotranspiration in the ENR Project.

Table 4. ENR Projcct monthly flows, area weighted rainfall, and ET.

Year Month Inflow Outflow Rainfall ET Scepage Recirculation  Seepage
G-250  (3-251 G-250_8 G-258+G-259  L-7
(Pump}  (Pump) (Pump;) (Culverts) (Culverts)
ha-m*  ha-m cm {in) cm (i) ha-m ha-m ha-m
1997 Augx 37337 29871 7.15(2.81) 460(1.81y 13279 0.58 24.46
1997  Sept 568.48 78180 1148(4.52) 7.19(2.83) 29151 0.00 71.30
1997 Oct 82033 70468 244 (096) 10.73(4.23) 290.07 0.00 104.35
1997  Nov 75334 74256 8.39(3.30) 7.06(278) 240.52 0.00 109.02
1997 Dec 1198.72 1209.84 12.73(5.01) 7.04(277) 22021 (.00 149,53
1998  Jan 618,12  744.16 4,62 (1.82) 7.56(2.98) 199 .06 0.00 95.10
1998  Feb 80673  750.77 1492 (5.87) 75]1(296) 15541 0.00 97.78
1998 Mar 653,18 769.04 12.00(4.72) 10.04(3.95) 211.51 0.00 62.55
1998  Apr 172796 1028.02 10.20(4.01) 13.07(5.15) 202.56 0.00 7.64
1998  May 250159 214692 5.21(2.05) 17.00(6.6%) 2997] 0.00 10.49
1968  June 483.38 71447 12774 (5.02) 17.12(6.74) 34494 0.00 1.25
1998 July 100724 1089.27 16.15 (6.36) 1551 (6.11) 413.44 0.00 8.56
1998 Aug' 5033] 46025 2 7.52(2.00) 907(303) 240.3] Q.00 15.23

‘ha-m = 8.1068 ac-ft, *12 days, T19 days.

Evapotranspiration

Daily evapotranspiration is computed from high resolution weather data using two models.
Complete weather stations are located in Cell 1 (ENR103) and Cell 3 (ENR308). Based on
initial observations, the Penman-Monteith model for cattails and mixed-marsh vegetation, and
the Penman-Combination equation for shallow open water conditions were calibrated for this site
(Abtew and Obeysekera, 1995; Abtew, 1996). For the water budget analysis of the ENR, areal
average daily ET was computed based on percent type of land cover (Table 1) and area of each
cell. Distribution of daily areal ET from the ENR, for the study period (August 20, 1997 to
August 19. 1998), is shown in Figure 3, while the monthly surnmary of areal ET is presented in



Table 4. "The arcal average E1 for the year was 1344 cm (52.9 in) which is 2.6% higher than the
average Fl7 tor the previous three years the project was in operation.

Flows

Databuase keys for the flow structires and daily stage gages arc listed in ‘Table 5. For the study
period, the inflow pump (G 230) und the outflow pumps (G-231) were in operation 76% and 98%
of the days, respectively. The scepage return pumps (G-250 ) operated cvery day during the study
period. The daily pumping rates ol the inllow and outflow pumps are shown in Bigure 4. Culverts
G-258 and (G239 were closed through-out the period except for three days. Figure 3 shows
estimaed seepage [rom the 1. 7 levee Mowing through the roadside culverts and the datly scepage
recycling pumping. The 1.-7 seepage through the roadside culverts was estimated USIiNg i TCress1on
cquation developed rom 42 data points. The equation was developed using relationships between
the seepage from L-7 through the roadside culverts, the stage rise in WCA 1 above 457 m (15 1)
NGVYD, and the difference in stages between WCA | and the eastern cells of the ENR (Guardo,
1996). The regression (it cocllicient of determination (RY) was 0.93 with a standard error of 0.30
m’s”. The equation is given as lollows:

121

1-7 seepage = 0.2158AWCA' A2 Ap»0240 (1),
where L-7 seepage is in m” ', AWCA is the chunge n stage in WCA | above 4.57 m (15 {t)
NGVD; and Ah is the difference in stage between WCA 1 and the castern cells of the ENR. lior
the study period the average siage of WCA-L was 5.00 m (16.40 ) and the eastern cells of the CNR
average stage was 349 m (1143 1), Monthly Mow data for the study period are presented in Table
4. Compared to the previous thice years average flow, the current period had 29% lower inflow and
32% lower owtllow pumnpiny.  Scepage recyele pumping was lower by 7.5% while 1.-7 lavee
estimate of seepage through road side culverts was higher by 39% compared 1o averase of the
previous three years,

Waler Levels

Daily water levels in cach cell of the ENR are dependent on rainfall, evapotranspiration, seepage,
and datly operational decisions. Water levels have heen regulated based on water depth, operation
status of the 5.5A pump stution, pump maintenance, and other activitics in ENR such as secpage
studics and construction operafions, "The minimum, maximum, and mean of the daily average stape
observations for the study period are shown in Table 2. The mean observed stage in the Buffer Cell
was approximately the same as the mean of the previous three years. The mean stages over the
period from August 20, 1997 through August 19, 1998 are compared Lo the previous three years
average stages as follows: Cell | deercased by 8.9 ¢m (3.5 in):; Cell 2 increased by 2.6 cm (1 1n);
Cell 3 decreased by 13.9 cm (5.5 1n). Cell 4 increased by 7.8 em (3.1 in). Average daily water level
obscrvations in the castern treatment train of the ENR are shown in Figure 6, while those in the
western treatment train are shown in Figure 7. The average depth of water was 54.1 cm (21.3 in)
compared to a 55.7 cm (21.9 in) racan depth over the past three years.



Table 5. Flow control structures, stage recorders, and databuse retrieval keys used in the water

budget analysis of the ENR Project.

Station Description Location DBEEY Remark
G250_P Pump Feeder Canal/Buffer Ceil 15847 inflow
G25058_F Pump Seepage Canal/Buffer Cell 15846 SEepage rerirn
G251 P Pump Cell 4/WCA | 15848 cutflow
G258_C Culvert Cell 3/Seepage Canal 15940 recycle
G25%_C Culvert Cell 4/8cepage Canal 15939 recycle
(i252EF H Stage Buffer Cell/Cell 1 158921 head water
(3255_H Stage Buffer Cell/Cell 2 15908 head water
G252FF T Stage Buffer Cell/Cell | 15892 tail water
ENR101 Stage Cell 1 15850 center of cell
GZ53EF_H Stage Cell 1/Cell 3 15897 head water
G255_T Stage Rutfer Cell/Cell 2 15909 head water
ENR203 Stage Cell 2 15873 center
G254C_H Stage Cell 2/Cell 4 15903 head water
G233EF_T Stage Cell 1/Cell 3 15898 tail water
ENR20I Stage Cell 3 15876 center
ENROI12 Stape Cell 3 15849 upstream of G231_P
G254C_T Stage Cell 2/Celt 4 15904 tail water
ENR401 Stage Cell 4 15727 center of cell
G256_H Stage Cell 4B/Discharge Canal 15910 head water
ENROO3 Stage East end of Buffer Cell 15812 WCAL
ENROG4 Stage L7 canal at junction of ENR 15842 WCAL
ENROOS Stage L7 canal near (5-251 13843 WCAI
180
130 - nflow {G-ESO)
.f;‘ 190 4 Cutflow (G-251)
£ 90-
2
g 50 -
230 4k
[T |
10 +
-10

8/20/97 10/20/97 12120087 220/98 4/20/98 6/20/98 B/20/08
Day (August 20, 1997 to August 19, 1998}

Figure 4. Daily pumping raies of inflow and outflow pumps in the ENR Project.
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Figure 5. Daily pumping rates ol scepage pumps and seepage flow through L-7 levee

roadside seepage collection culverts of the ENR Project.
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Figure 7. Daily mean watcr levels in the western cells of the ENR Project and the Buffer Cell.

WATER BUDGET COMPUTATIONS
Water Balance Model

The schematic hydrologic model for the ENR is depicted in Figure 8. The influent pumped through
the G-250 pump station accounted for approximately 81,7% of the known inflow to the system.
The known inflows to the system are the (-250 pump station inflows, rainfall, and seepage through
the roadside L-7 levee culverts (L-7a). Rainfall accounts for 13.2% and seepage through the
roadside L-7 culverts (L-7a) accounts for 5.1% of the known inflows. Outflow pumping (G-251)
accounts for 77.0% of the outflows, with evapotranspiration constituting 13.9% of the total
outflows. The unknowns in the system are subsurface inflows, subsurface outflows, and errors.
The schematic model (Figure 8) and the following set of water balance equations represent the
hydrologic system of the ENR for water budget analysis purposes:

INFLOW - OUTFLOW = AS +&p (2),

where INFLOW is the amount of water that enters the system from extemnal sources, and
OUTFLOW is water that leaves the system boundary and is not recirculated, AS is the change in
systemn storage during the time interval of interest. The sum of all errors is representecl by er.
Because all inflows and outflows can not be cnurcly quantified, the following equation is introduced
to represent the remainders:

REMAINDERS = gr+ UNKNOWNS (3).

Figure 8 shows the possible inflows and outflows to and from the ENR system. The seepage canal
which encompasses the northern and western sides of the ENR was designed and is operated to

capture seepage from the ENR to neighboring farms.

11



SEEPAGE

SEEPAGE
3

RAINFALL RECIRCULATION INFLOW
PUMPS PUMPS
L\ AN
—
L-7a
] - MEASURED
- 4 SEEPAGE 2 SEEPAGE
o1,
=
<L
&)
L -9 - S
<< - ——| ESTIMATED
o SEEPAGE
il
w G-259
¢,
e — )
ET SEEPAGE 1 Dgaaﬁ;%w
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When opened, and/or through leakage, G-258 and G-259 culverts releasc water into the seepage
canal. Seepage through the western and northern ENR levees is represenied in the model by
SEEPAGE 2, regardless of the magnitude, SEEPAGE 3 rcprescnts the two seepage possibilities
into or out of the seepage canal from or to the surrounding farms, rcgardless of the magnitude.
SEEPAGE 1 represents the possible seepage loss through the southern ENR levee into Knight's
Farm. The unmeasured seepage flow from WCA 1 into the ENR Project (subsurface secpage from
WCA-1 that is not capturcd by the roadside culverts) is represented by L-7b.

In computing the water balance for the ENR, the objectives were to identify quantifiable variables
and make reasonable assumptions to reduce unknowns as much as possible. Since the purpose of
the seepage canal is to recirculate seepage and recycled water, it is assumed that the seepage return
pump flows (G-250_8) are recirculated in the system as designed. This scenario is represented in
the following equation:

Sp = SEEPAGE 2+ G258 + G259 + &g (4),

where Sp is seepage return pump flows (G-250_8); SEEPAGE 2 is scepage from the ENR to the
seepage canal; G-258 and G-259 are flows through the respective culverts from the ENR to the
seepage canal; and er 1s error due o assumptions, measurements, calibration, and any other
unaccounted factors. The error term also includes the net effect of the unknown variable SEEPAGE
3, which is the net subsurface flow of water from the seepage canal to the adjacent farms (west and
north) or from the farms to the seepage canal. Also, SEEPAGE | and L-7b (subsurface seepage
from WCA 1 that is not captured by the roadside culverts) are unknowns. Equation 2 is thereby
expanded as follows:

AS = G250+R+L7a+L7b-G251 - ET - SEEPAGE | +8g + £+ £p (5),

where AS is change in system storage; G-250 is inflow pump flows; R is rainfall; L-7a is estimated
seepage flows from WCA 1 through the roadside culverts; L-7b is unknown seepage subsurface
flow from WCA 1 into the ENR; ET is evapotranspiration; SEEPAGE 1 is scepage loss through the
southern levee of the ENR; gg represents errors in accounting for the recirculation water in the
system; g represents errors in inflow terms; and €g represents errors in outflow terms. The total
error in the system is expressed as follows:

&r = Ep+E+Ep (6).

Daily change in storage for the ENR was computed as the sum of storage changes in each of the
five cells (Buffer Cell, Cell {, Cell 2, Cell 3 and Cell 4), Change in storage volume in each cell was
computed from the area of the cell and change in stage. Change in stage was computed as the
difference between mean daily stages of the previous and current day averaged from two or three
locations in each cell (Table 5).

The remainders in the computation of daily water balance are the sum of all errors and unknowns in
the system. Daily remainders were computed for the one-year study period based on the following

equation:
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REMAINDERS = ¢ - SLLEPAGLE | +L7h (7,
where £ is the sum of all crronrs.
Discussion

The tolal inflow through the inflow pumps was 12,025 ha-m (97,484 ac-17) and otal outflow
through the outflow pumps was 11050 ha m (92,823 ac-ft). Total scepage inflow from the 1.-7
levee through the roadside culverts was 757 hu-m (6,137 ac-1). There was no signiticant measured
flow into the seepage canal through culverts G-258 and GG-259. "T'he seepape recirculation pump had
atotal flow of 3,248 ha-m (20,331 ac-11). Tolal average areal rainfall for the study period was 125.5
cm (4924 in) and the total averuge weal evapolranspiration was 1344 cm (52.9 in).

For the study period, the mean daily cemuinders (erors and unknowns) was 3,70 ha-m (-30.0 ac-
1) with total remainders  1,348.9 ha-m (-10.935 ae-fl) computed from daily data, The standard
deviation of the daily remainders is 21.83 ha-m ™' (176.7 ac-ft d'') which signities high variation
but there was no systematic vanation during the one year study period (Figure 9). The negalive
remander indicates that there s an overall outtlow from the systern through untdentified directions.
The remamder was 9.1 % ol the inflows or the outflows. Summary of the one-year waler budget iy
shown in Table 6. Details of 1he water balance terms and caleulations are shown in Appendix 1.

The mean hydraulic loading rate for the study period, based on the G-250 pump inflow, was 2.13
centimeters per day {(cm Yy or 0.84 inches per day (in d™M. The mean hydraulic retention time was
commputed as the ratio of the mcun-cstimated volume of the ENR and the total inflow pumping. The
mean-cstimated volume was computed from the area weighted (by ccll) mean depth of 54.1 cm
{213 m) und total area of 1511 ha (3815 ac). The estimated mean hydraulic retention time was
254 days. Companson of the current yeur ENR water budget components with the previous three
years is shown in 'Table 7,

Remaindars (ha-m d)

100 = *
120 .t : : | !
a/20/97 10/20:97 1202087 2120798 A4/20098 6&/20/98 8/20/98

Day {August 20, 19587 to August 19, 1998)

Figure 9, Distribution of daily remainders (errors and unknowns) from the ENR Project water

balance.



Table 6. Summary of the one-year water budget for the ENR Project.

INFLOWS ha-m!  Percenl of Total OUTTFLOWS ha-m  Percent of Total
Inflow Pump 12,025 B1.7% Outflow Pump 11,450 77.0%
Rain 1,938 13.2% ET 2,074 13.9%
L-7 Culverts (L7a) 757 51% Remainders 1,349 S.1%
Totai 14,720 1004% Total 14,873 100%

Chapge ip Storage  -153

ha-m = 8.1068 ac-ft’

Table 7. Comparison of ENR Project current year water budget components (ha-m) with the

previous three years.

8/19/94 to 8/19/96 8/20/96 to 8/19/97  8/20/97 to 8/19/98
(2 yours) (1 yeur) (1 year)

INFLOWS

Intlow pump 39,0040 11,972 12,025

Rain 5,068 2,108 1,938

L-7 Culverts (L73) 1,198 431 757
Total 45266 14,511 14,720
OUTFLOWS

Outflow pump 35802 11,872 11,450

ET 4,050 2,008 2,074

Remainders 2.781 347 1,349
Total 45,633 14,427 14,873
Change in Storage -363 83 -153
Seepage recirculation

Sespage pump 7,143 3,385 3,248
Loading Rate (cm d'™) 3.45 2.12 2.13
Average depth (cm) 7.5 32 54.1
Betention time {(days) 17 24.5 254
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SUMMARY

The ENR Project has been i [ull operation Tor the Tast four years, Thas study covers the ENR water
budget during the one-vear perod from August 20, 1997 1o August 19, 1998, For the current one-
year period of analysis, the totad intlow through the inflow pumps was 12,025 hectare-meters (ha-m)
or 97484 acre-feet (ac-NM) and the lowal outllow through the outflow pumps was 11,450 ha-m
(92,823 ac tt). Total scepage tnifow from the 1.-7 levee through the roadside culverls was 757 ha-n
(6,137 uc-ft). The scepage vecirculation pump had a total flow of 3,248 ha-m (26,331 ac-1) und
there was no significant measured [ow tnough culverts G-258 and G 259 as the gates were closed,
except {or three days. Compared to the previous three vear average flows, this period had 29%
lower inflow and 32% lower outtlow pumping, Seepage recycle pumping was lower by 7.5% while
L 7 levee estimate of seepage through road side culverts increased 39% compured 1o the average of
the previous three years, ‘L'otal arcal average rainfall for the study period was 125.5 centimeters
(cmn) or 49 4 mnches (in) and the totad weal average evapotranspiration was 1344 cm (32,9 in) which
is 2.0% higher than the average BT of the previous three years the project was in operation.
Compared to the average arcal rainfall for the previous three years, rainfall was lower by 29 ¢m
(11.61n). The remainders in the water balance, the sum of the crrors and unknowns, was 9.1% of
the inflows or the outflows of the system.

The mean hydraulic foading rate tor this one-year period, based on the (7-250 pump inflow, was
2.13 centimeters per day (em ™" ar 0.8 inches per day (in d™'). The loading rate for this study
perod was the same as the previous year, The mean hydravlic retention time was computed as the
ratio of the mean-estimated volurme ol the ENR and the total inflow pumping. The mean-cstimated
volume was computed Mrom the arca-welrhted (by cell} mean depth of 54,1 cm (21.3 in) and total
arca of 1,544 ha (3,815 ac). The estimated mean hydraulic retention time was 254 days which 1
about the same as the previous year, The ENR is 0 new system with a relidively short penod ol
hydrologic record. Longer periods of record are more favorable to characterize the operation and
water balance of wetland systens,

In the ENR Project, all hydrologic paramelers are monitored, with the exception ol scepage.
Seepage 15 not 10 one dircction, therefore, the remainders {errors and unknowns) could not be
atlocated Lo one vanabl:. Groundwater modeling efforts will help in identifying and quantifying
subsurface sources and sinky i the sysiem. Improvement in stage-volume relatonshups wall also
increase the accuracy of water balanee analysis.
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Appendix 1. Everglades Numient Remnoval Project water balance terms with calculated remainders.
ha-m = 8 1068 ac-It.

Date Change In - Inflow  Seepage  Owiflow Culvert Culvert Seepage  Rain ET  Remainders
Storage Pump Pump Pump
G-250 G-250.3 G-251 G-253 G-259 L-7a
(ha-m}  (ha-m) (ha-m) (ha-m) (ha-m) {ha-m) (hka-m) (ha-m) (ha-m}  (ha-m}

BR0N997 LM 9038 9302 19373 0000 0000 2151 18976 B2IM -3.610
82171997 12030 38306 11375 20315 0000 Q000 2092 6264 6722 -7.6(0)
B/221997 20,5360 43813 10487 19877 G000 0000 2088 G278 354 2.1
Bf23/1997 3z8eD  47.143 12263 19877 0000 0000 2056 106 4433 74206
8241997 17130 41177 K312 20239 0000 0000 2009 0463 6914 0.724
B/25/1597 35600 41286 12324 24585 0.000 0000 1997 44158 5067 -21 899
BI26/TO9T 3000 23650 13401 31147 0000 0193 2130 28950 5302 16.619
B2T/1997 12780 25,737 12637 30701 QOO0 0206 2216 OO0 6424 21.952
B/2B/1997  -10.750 25.8%4 12662 28646 0000 0184 2247 0046 8014 -1.675
B/29/1997  -1B.570 25644 644 28336 0000 0000 2086 0000 6553 -11.221
BIA00T7 -9.290 25854 11363 27232 0000 0000 1776 0000 639 +3.292
HIIVIHT 0.000 25369 9H1% 23214 0000 0000 1597 1019¢ 2208 -7.230

011/1997 -A700 23852 10900 25612 0000 0000 1616 1.529 5683 -2.402

9211997 -6.700 14086 5094 24758 0000 0000 1777 0124 7.440 9511

9EAN997  -17.300 19486 1002 22647 Q00D 0000 1922 0355 6.365 -10.551

94/1947 6700 25620 12535 22759 0000 0000 1962 9418 334 -4.157

951997 7060 25791 BADE 23462 0000 0000 2053 10978 2804 5,456

9/6/1997 0350 25446 10499 21991 Q000 0000 2205 Q4000 6134 1.024

1997 -0.550 25597  10.0B1 23968 0.000 Q000 2100 Q184 5279 (839

981997 8740 25102 10058 22703 0.000 0000 2000 0000 5714 -R.a2s

Qa7 -B.7200 26199 10800 33473 0000 0000 1999 0000 4.03% 1.194
WA 223950 15590 8209 34053 0000 0000 1973 0000 G.A59 -0.601
/171997 77100 26180 10232 30966 000 0000 1949 12308 4302 -12.965
11997 5800 25786 124672 34203 0000 0000 2226 10,160 2106 EREY)
91371997 3490 25737 9.540  32.536  O.000 0000 2229 23484 2431 -12.993
/1411997 20,690 25903 13,129 34937 0000 0000 2424 30309 1177 -1.832
/151997 0.550 25965 12,549 35661 Q000 0000 2373 0046 1702 9327
o/16/1997 -6.150 23302 11343 34435 0000 0000 24680 0278 2324 4 849
917997 201300 25935 100188 32365 0000 0000 2600 0633 2475 -14.45%
S18/19497 11400 26258 7470 30337 0000 0000 2590 0.000 2341 =71.570
S/19/1997 5,600 26,253 3864 30300 0000 0000 2589 0077 28M -1.396
9/20/1997  -13.830 26,170 10927 27.973 0000 0000 23590 0000 440 -101173
W211997 11390 9.647 7.742 23039 0000 0000 2526 0000 4.494 K970
9/22/1997 26810 0000 7526 24443 0000 0000 2464 0000 4.730 -0.101
9231997 22590 0.000 9770 20655 0000 0000 2462 0463 3843 QeI
924/1997  -27.340 0,000 2013 17991 0000 0000 2446 1.BO6  3.843 10258
9/25/1997  -124660 15417 5006 15324 0000 Q000 2479 0077 4314 -10,:995
026/1957 7.250  1E546 B.150 17315 0000 0000 2381 20732 1304 -15.540
92In9? 3050 0.000 G317 17112 0000 0000 2632 4941 2431 15.001
9/2B/1947 19130 0000 12576 19880 0000 0000 2880 49046 1639 11,366
5/29/1997 10390  15.409 238 21511 0000 Q000 3230 0077 1.165 14,300
Q30N 97 ino 2224 9914 20479 0000 0000 3455 0000 1792 0178
10/1/1957 LO10 19246 7896 20014 0000 0000 3497 0000 3,192 1473
10721997 -11400 18916 7091 19366 0000 QOO0 3461 0232 4632 -2.811
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Faate: Change In Intlew Scepage Ontflow Culvert Culvert Seepage Rain L Remainders

Storage Fump Pump 'ump
G250 Go2ats (P 251 23K i 250 1.-71

{ha m) (ham)  (ha m} (ha-m)  (ham)  (ha-my  (ha-m} {hia-m) (ha-m) (ha-m)

10/341907 Rann  3K.201 G241 TRO0E2 0 D000 O A 005 5659 -k
L0 T80 G20 2 an? B A903 lagoyd  nouh D000 FARS O 0 5541 (174
1O/ 10 1ads) 24051 G20 M1 a4 G0OR0 GO 3380 2062 o600 305
161097 20010 200549 1082 M2l a0dn  0odo A3F7 0 0.036 0 alsl -1 5840
TOFTE 147 1244 51,1 8730 AT OANKY LI BHEE MK 660 -14.45%
8997 4 B500 2037 .02 23383 04000 04000 353 T8I nUR R
ey 146D 2603500 ILAd0 25513 0000 0.000 3528 L2900 2569 (302
1O/ 19/ 1997 210 26324 Q4] 2IB¥63 0 D00 0000 30 LHIT O 4047 1.275
TOST AT 0000 20,285 1043 25290 (LMK (L0 A0 L0 Hg 1.2
171271997 5,230 26 290 12504 24465 000 G0oD A2 0000 6063 4.224
TN LHET DO 26007 BEn2 0 20056 Q000 O 0K J255 0000 6355 0187
1/ 147149007 B RV E Y B R T 1428 2ZXAK)Y QU0 (D) ARG D D74 [
T ASA199T .00 26,1353 DIAD0 23500 UANHE (LK a0 LI 644l -0 087
1/ 861997 (LX) 26,113 TR127 0 23540 OANAE (LI LA A6l 4012 -2
LYV 19T 4.6%) 25059 Y134 24044 00k 0000 3400 258000 54T S20.204)
LV ISR} Lh440) 20000 Q393 235326 0000 0000 3360 0124 3373 14.666
LD/ 10714947 4140 2O 175 HEE O 20007 0000 (LK) 3225 0000 48 -1
Hi200 1} -hhal 26013 S5 23823 00K 0000 3250 0000 6118 2128
HY2i/ 1997 OTI0 2001 KOO 24702 0000 Q000 BAGE 0000 689 3025
2201997 0000 25585 10078 Z300d 000G 0.000 3362 D A0 RIMYE]
2319497 -HIE0D 2642 G811 ey 0000 0000 337 00 SH7I 7.HBHEG
HY 2441097 -58H) 260013 Taold 28030 00K 0000 3432 00 5177 1,132
1251007 (a5 25 K BAZD 23013 0000 0000 Heeg o DO 4 a3y 1) G2,
10/26/10097 Paoh 20024 TRy 23574 0000 D000 ANY DA 4 8 2GR
1211097 ono o172 R7491 3057 non0 0.000 FA0L AN LA -1 .45
T ARA07 010 20200 AN 220305 GO0 OB 3308 DOK) 536G {h.dhn
T2 109/ a0 26 (02 TO27 0 MPTET O GRIKK) (ROK) FATG 0K 13892 -4
3T AR VI X dadd LI 00D00 00N 3417 0000 3910 -1.1451
VI T0GT -5.2500 20,057 TAM2 AR D 0000 3354 1405 25RE ~12.714
117141997 Q940 200100 RAOK  20enlH  (RIHHY (L0 WU D46 345 4359
LIy 6150 260131 [aos 22561 O4KHy (.0 327G DAL 25RH S7 634
17341097 146l 26143 BaOK 23250 00a0 000 390 (h0dG 4102 768
112441997 1460 20,111 A.022 0 A3 OUXK) D.0u0 3494 (3R7 384l 1 5015
L1 3/ 1097 40890 26043 TEAST 24150 .0di h.obh haG 2470 L5ER an72
T/ 199 0000 26067 HAR3 24357 000 LD ASFT 0 BOTT O ATI4 (.390
11470097 (LK) 20020 G.A) 23IH1 00D D000 302 0455 R032 -1.H71

1 LARAT947 A0 25982 g3 22131 LX) L0 400 0000 5447 [AIINE
L1/ 1997 00K 26,104 g4 24701 OUHK)  1LHN) SO0 D000 5200 (1557

TL LYY -laad) 26012 65322 22T D000 G000 3.322 0 0046 A1.15Y -4 0ad
WL ShAa0 2612l TR Z2IRY DO DO 3252 DKL e S
11712719497 1210 26 200 KaE50 22471 0.0 0000 3350 0077 36UM S2E
L1713 1947 -12100 2613 TAE 2L2RG D400 (4K 3401 0353 1.A5Y -B.317
117131907 15.54) 25820 A0 23818 0000 Q000 1492 16752 1.8961 B t.011
L7157 1997 10200 24083 7004 24841 (L (AN Aa42 0201 0063 12278
111641907 DA 20201 Ball 24068 0000 00K 3470 O0dn 3765 -1.310
LIATHOOT VAN 20,2560 72300 24320 AUXK) QD00 3503 023 47% 100,264
L1158/ 1997 4040 26087 670 23730 (LINKY (UMK G626 GO 47785 -5 337




[Date Change In  Inflow  Seepape Outflow Cuolven Culvenn Seepage  Rain ET  Remaindets
Storage  Pump Pump Pump
(-250  G-230_%  (-251 (3258 G-259  L-Ta
(ha-m) {ha-m} (ha-m)  (ha-m) (ha-m) f{ha-m) (ha-m) (ha-m) {ha-m) {ha-m)

11/19/1997 G000 26,143 B8.B62 23400 0.000 0000 3642 0000 2981 -3.404
1122001997 0.000 26133 8754 23200 0000 Q000 3694 0000 a2 -2.615
1142111997 13,430 26.087 7338 23200 0000 0Q.000 3758 11312 1726 -1.251
117297 24980 20.555 9723 28381 000 0000 3750 49.809 2341 -18.411
11/23/1997 34920 22348 7.805 33713 0000 0.000 4026 055 1.177 42 880
1172471997 -19.430  26.0587 5613 31910 Q000 000 4053 0046 3.4603 -14.363
1112501997 -15.440 22,290 7952 29388 0000  0.000 4140  0.046 4000 -8.548
112641997 -16.890 14492 4627 27477 0000 0000 4063 0000 3608 -4.360)
11271997 O.000  25.553 7240 26774 0.000 0.000 3951 0077 5032 -6.306
L 1/2%/ 1997 QM 25830 7.859 23579 0000 Q000 3913 G046 4157 -11.363
11/729/1997 3490 22088 5909 2418 0.000 0.000 3866 2625 LBO4 0.30t
1173001997 11.950 26.229 779 27078 0000  0.000 34979 33544 1659 -23.366
12171997 25630 26.004 B886 20798 0000 0000 4460 0154 4169 28.969
12211997 -11.840 10,900 3843 25963 0000 0000 4799 000} 4494 2937
12/3/1997 -10.300  23.767 4416 24201 0000  0.000 4575 0124 4157 -10.317
L2907 17.040  49.783 7976 26043 0000 Q000 4795 WAN4 0392 -38.895
L2/5/1997 27,200 36.045 0305 41063 0000 0000 5184 0355 4012 30711

L 20671997 10,110 64.686 6068 47503 0000 0.000 4900 0000 45531 -26.612
127710997 4870  53.687 7.957 494942 0000 0.000 4779 0000 5.200 -3.454
T/RIN997 -5.140 554927 6337 47975 0000 G000 4697 0.0 4404 -13.385
12/9/1997 -15.990  34.031 6366 44792 0000 0000 4825 0000 3983 -6.066
121071997 11240 325878 o104 30891 000 0000 4808 0309 3306 -6.630
11171997 7440 &7.860 6765 40713 Q000 0000 4727 0232 3059 -21.607
127121997 HLOM  37.726 3011 433838 0000 0NN 4712 0134 343 14.274
12/13/1997 -2.650  30.097 8.021 44511 0000 0000 4850 45332 0.541 -37.486
1241441997 652600 12716 12808 601%  0.000 0000 6028 39969 0.941 17.684
12/15/1997 5.440 30,038 9814 52144 0000 0.000 7055 0.B65 3.0M 22,630
1216/1997 -38.770 3.198 7563 43495 0000 0.000 1209 0046 3034 -1.79%
LM77 -50.430 .00 Ed454 3R (1K) [LO0K) 6882 00N 4.549 -14.516
1218/1997 -35.450 14.0073 6457 32013 {100 0.000 6307 3336 3373 -23.978
1219197 16.330 63.644 5.505 30224 {(LOK {1.0MK) 5744 DO 4485 -15.351
12119597 2630  51.R07 T 34724 (LINN) 0.0} 3393 000 3463 -16.383
12/28/1997 12940  51.141 5843 35720 0000 0000 4819 0000 243] 4,369
1202211997 -3.000  49.804 5495 35859 0000 0000 4330 154 3843 -18.3346
122371997 1B.640 65.834 5906 39280 0000 0000 3830 0046 3216 -8.574
1273411997 -10580  37.466 6472 30710 0000 0000 AT 0000 2196 -0.457
1212501997 13.040 60649 6934 38621 0000 Q000 3648 0000 3216 -B.4M)
12/26/1997 14120 56.451 4429 38139 Q000 0000 3442 0710 2333 -5.991
122771997 9490 26.23%6 8417 40558 0000 0000 3.857 25877 2431 -3.430
12/28/1997 6790 33,138 7768 38842 0000 0000 3952 0000 4181 -0.857
12/29/1997 -12.860 25.820 6900 37.540 0000 Q000 3788 0232 2588 -2.571
1273071997 B.740 44241 5689 33319 0000 Q000 3700 0124 4965 -19.5218
1273171997 7.600 44315 8272 35.51% 0000 QOO0 3614 0000 5188 0.378
1/1/1998 14140 12642 8385 33305 0000 0000 3417 0000 3.463 6.569
14219498 -23.700 8.241 6667 31761 0000 (.00 3384 00D 3.8M) 0.236
14341998 -29.190  0.000 6936 27.320 0000 0000 3320 0000 2577 -2.622
141998 -35450 0000 6303 25972 000D 0O 3203 0000 5726 -7.045
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Ik Clunge I Inflaw Seepage Cuitlow Colvert Cualverr Seepage Hain 11 Ruenmindurs
Starape Fump Pump Pump
G-2500 G230 5 GO GA2an (Ga2aY L-Ya
thevemm)  chany  chaoned thaomd hie o cha o tha my)
78210004 - 14.000) 100} FO2% 20019 00K 040 A0 ot 3584 3237
IR 1S 030 I It 0000 0000 SR4 450 2000 31773
17771990 RS0 Mad? 5100 21500 BOM) 0K BAOR LUl LU RS
LT G204 An.200 B28T 25003 0000 (KD AAR) MRZR 4030 1734
1704 1968, 230000 .70 TAG2 O AZNA (000 Ou0 A2 008 4502 1408
1710798 BTH) 51005 03370 33478 0006 (LH} AT 0000 bleY -8l
171171903 0000 2304 FUAG M35 000 0000 AL (RIMH) S RIG (RAEHT
T -20.750) 2ARS RORE 20304 0000 0000 31043 Q00D 5436 954
LA/ R 41.420 (10N} 4030 27041 DO DAIK) Jo0n 0000 3210 ~H07]
171471998 21 000 44930 73625 0000 () L0185 QU H A 4617
LIS/ S0 2i62l TR 23000 G000 NG 2933 D50 2.34] -27437
(LR FLIMG 3H.030 SOy deedl 0000 D000 30o2 t0doE 4326 HL0TH
L7 1998 [ 280 17303 4091 21594 UM LMo 2053 0000 5300 #2107
LATRATOH SII00 15639 JELL 23T 00D 0000 R4 00K 30 -4.422
L1998 16890 4937 TITE IR 0000 Q000 2799 DOk 2451 00864
L2y 1098 24 750 QLO0 4678 10515 0 Lahs o DODD 3008 375
2110 Sl 12733 72250 19825 Ledn onon 26 206l 21U 2807
/22410498 -L290 0 HLOT] 080 17063 0000 0000 3200 3057 347 -2A L
1231008 699N (h6HT G300 TEels 0000 0000 FAse gnon 141z 12777
LA IR -18.200 0 00X Joog 175400 0000 (LK damd 0S42 0 2745 2 34
125149094 135090 34469 SA0 TR OO0 (M 2074 D 2505 Sl RV
1726/ TR 24430 5LETS 4674 1700 Q000 0.000 03 akdn 1707 IR.07H
/27719595 A5G 004 a4 20435 Au0n 00 KT TR 2386 -1 B0
L2wf e 04060 M8G5 7345 246508 0 0000 000D 2883 0077 5083 31712
12201408 =24 580 0).000 128 P3590 Q00K 04K IR 0000 4157 4.657
12304 1958 -20.500 [).(HK) FAYE 21044 000 0400 2090 0D 44 2 RA0
L3/ 1998 2340 [1LI4K] G40 19700 0000 0000 2R 0000 1701 -1.220
211998 23700 (LINK) AT 5054 0000 0000 ZAE0 Onl 5047 -4k
H 008 4870 40716 7A35 17707 0000 Q000 FRTE OAETIA 14T -804
JEM Ot 440 390 0.04) ¥R 21ART 0000 0000 IR0 real 1267 (:3.THY
A1 R0 34423 304 11408 DARE (000 S SR O S 337
25/ 1998 1220 48013 261 AR6E 00000 0000 It SO VR 1 VR 0 ot 16574
G998 14320 1648 S 1da7g 000 (04000 124 IH204 104D O 8%
S BEM) 36RTT 3T 200400 0000 0000 1520024 35 PR
IH/ 1 Ia R0 2 18T 4685 20795 0000 0000 2900 000 antd 1H.101
2RI -15180 34100 T3 2T OGNy (A 2812 G000 4573 24725
ARV IR ARTEY 0T TR 23005 (LUKHY  (LIKK) 2000 000D 5079 BERS
MUY ALIRD TR 3330 2RI 0HY 0000 2030 D036 32 7.438
HMTIE 17.630  1W.nls O 32AT 0 (RIHK 0000 2A63 0 0036 2824 Ad4RY
27131698 175500 424 478 35252 QOO0 DMK A0 0046 3303 23454
TS -16.200 0520 G078 32490 0000 0.000 2305 DO 5037 18R
I RTI A PRV A Y TaAd4s 32304 D00 0000 242 31550 LODE a7 5T
ERL DI Ua.s00 35262 TR 3WAG5 0000 0.000 3401 B2 2000 HHDOO
2T 1098 3RS0 [LINK] 20y 30238 O00F (0400 AT A0 LESY 44 544
TR TR -29.550 0.000 762 4THID O G000 0000 4812 0077 5HT] RO R]
JGIIR -53.5%0 0000 G220 30262 UXKY (XKD 2100 000 4404 15.014
2PN 1998 33630 G0 IR 30630 (R {00 5120 0403 3550 076
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Date Change In  Inflow  Seepage Outflow Culvert Culvert Scepage  Ruain ET  Remainders
Storage  Pump Pump Pump
G-250  (G-250. 5 G-251  G-258 G-259 L-Ta
(ha-m} (ha-m)  (ha-m)  (ha-m) (ha-n1) «(ha-m)  (ha-m} <ha-m}  (ha-m) (ha-m)
2211998 -31.530 0.000 6,350 28788 0000 0000 4730 0446 6365 -1.153
21221998 464120 1.774 3582 24247 0000 0000 4,773 0000 4157 -24.163
2371998 -1.270 0,230 6,007 23870 0000 .0 4754 20969 5424 -6.029
241908 23070 92307 2985 21702 0000 Q000 4173 (046 6.K36 -44.919%
2/25/1998 JBIR0 BO.H64 3956 23640 0000 0000 3709 0000 6453 3702
22671998 19180 29510 S464 29231 0000 0.000 3438 O0Q46 5188 20613
2027998 -25.110  18.331 3724 280679 0000 0000 3283 0N48  4.628 -12.464
2/28/199% L1800 36,407 4536 27437 0000 0000 2968 14,158 4236 -23.041
3/1/1998 28,020 24,533 4556 3L741 Q000 O.000 3246 20367 1557 4.172
21998 26,110 50.838 4255 34102 0000 0000 3446 6948 5985 4.965
33998 -25.560  26.038 3230 32120 0.000 0000 3441 Q000 5032 -17.887
3/471998 -4,690 18,062 5632 29923 0000 0.000 3085 0000 6455 10.541
3/5/1998 -47.420 0.000 3082 28204 0000 0000 2932 0000 6.208 -15.850
6998 -37.690 (.000 5645 24531 0000 0000 2837 0400 5177 -10.819
37711998 -28.300 (1000 6536 21060 0000 0000 2587 0000 5436 -4 39}
3/811998 -301380 0.000 7086 17.643 OO O.000 2408 0000 4381 -11.264
31968 19.780 0.000 10785 23331 0000 0.000 2887 45409 4259 0925
31995 -14.630 0443 16581 18341 0000 0000 3180 0000 5616 5704
31171998 -3 380 3303 7400 19513 000 0000 2688 000 6534 -1.526
3121998 -22.7700 0.000 2713 16936 G000 0L.0O0 2273 0000 6389 -1.044
371371998 -14.690 24.336 4.174 15527 0000 0000 1901 0278  6.051 -19.677
3/14/1998 26,400 53,184 6,207 15583 0.000  0.000 1.551 046 4169 -B.629
3151998 27.850  44.344 4734 15710 0000  0.000 1316 0000 3.608 1.508
3/16/1998 12380 26.603 3619 15992 0000 0.000 1100 {04 5424 6.037
I1T/1998 10,390 9709 11.130 39588 0000 0.000 0975 0046 5020 23.488
18/1998 -5.4610 49937 5292 17405 0000 0000 0890 4786 2039 -43.079
1971998 83930 AT486 9.006 19517 0000  (LKN 1293 6let4 2600 -3.380
320/1998 32,364 DAIKK 11.502 33283 0000 Q0D 2339 33335 4561 54,530
3/21/1998 41,730 0.000 5045 27457 04000 0.000 2082 0000 4953 -12.308
A998 -27.390 0.000 6.562 24411 0000 D000 2758 0000 3390 -2.34%
3/23/1998 -6 73683 4747 21834 0000 Q000 2191 (048 6.130 -54.047
3/24/1998 74.290 108742 4.162 25960 0.000 0000 1676 0000 6310 -3.B58
3725998 45200 51,119 7228 32294 Q000 0.000 1.384 0000 3582% 30.419
I26 99 -22.000  26.581 3995 37043 0000 DK0 1098 0000 5906 6,520
3271998 -27.390  11.989 4541 34124 0000 Q000 0895 0000 4404 -1.746
3/28/1998 -42.280 0.0 7834 29583 0000 Q000 0901 3999 4079 -13.518
3/29/1998 -31.530 0.000 5591 60 0000 0000 0338 0077 6075 -0.366
33011998 -32.340 0.000 7.086 21646 0000  0.000 0750 0046 5.043 -6.447
3/31/1998 20,844} 0000 10085 18830 0.000 0000 0684 020 5110 -3.785
4/1/1998 -27.850 0.000 6,839 16523 0.000  0.000 0596 0046 5.200 -6.769
4/2/1998 -25.530 0.000 7210 16422 0000 (L0OOO 0493 0154 544 -4.332
44371998 -201.400 0.000 7712 11747 0000  0.000 03sl 0000 6208 «2.3%0
4/4/1998 2910 34514 4020 10868 0000 0000 0208 0046 5906 -40.900
4/5/1998 685390 71.006 7.237 04 0000 0.000 0.070 0000  RI5Y 15.477
4/6/14928 18.530  41.685 4842 16956 0000 0.000 0.020 0000 7710 1.491
47771998 13.780  50.613 0638 160875 0000 0.000 0.057 0000 5828 -14.187
47841998 41,270 51.051 4703 16929 0000 0.000 0.129 0000 5.581 12.600




[xie Chaage In Inflow Seepage Ouiflow Cutvert Calvent Seepage Rain ET Henmnnders
Slorage 'utny Tty Pump
G250 G230_8 02510 60015 (325G I 7a
(hi m) tha m) tha m) tha my  (haem) iha ooy ha omy o (ha my (ha m) {ha m)

AT IR (I Mot 908 844 Q000 0000 0159 daad  3.267 EO13
SO 0A 250700 ALTTI SR 2540 DU QUK 160 Q000 7957 i1.510
RN PARYH SRah( 27 4Rl 4708 PRA1I5 0 00D0 0000 070 OO0 0252 nGls
LAY BRI TV PRI Uaays o 0000 Dodo D277 DN 6600 AL L
AATIE 24280 AH.MY] RSP T 0 R S T K4 PR R ¢ ) W46 opul 6220 1527105
A0 I 20 25302 3035 250164 0.0 (.00 (L3537 DUNH) 6220 CHILNA2
A7 151908 4 BG) 3n 2T 782 231393 000K 00040 0.530 O 5973 247
47107 1995 24,100 R771 daus 225200 DO 0000 0364 015+ 7385 d4%5
AT -31.530 {.00%) TAYT 21H52 0 QDID LMK A3 1652 HI2 -3.0001
IR 09% 31000 53847 5439 15402 0000 D000 0326 DODO T 22% 31353
AT TR A0.510 TR14G 5047 TRIZ KK 0000 0271 0 K33 -1nAY
4420/ 1998 M 30e 50733 TAd6 23895 Q000 (LIKH) I8 (i 5.R04 K172
AL2171500% SAal A5G PR TR 0000 000 G156 20350 3e0d 30 16%
AZTTON 71020 112292 n030 31337 0.0 (1400 0307 ks w27 (K81
A2 ER0R 7780 178751 FHR20 4005 DO L0 Q200 KNy Hals -2.432
G 271908 63350 19238 0390 62523 XY 0.000 018 000 HADE 7.2600
72571950 IR0 1066062 F2500 o0y DODO 0000 025 0003 7138 O R7X
AL26/ 10 BHAD 1DHSTH QUM Te6h 00K RO .25 DX 7200 BEARNY
4707718 34820 11081 GO TOUE G000 DO 72 DO 7385 NS08
AFTEORNY TOH50 103,254 MO BB DO (RO D206 D000 5714 -2 1K)
472001998 5870 78 246 et B5 34l (RO 0.0 (228 30000 dIHE) 1320
AL 10408 M) R7.200 TL34S 871400 0000 D.0D0 D349 93430 6443 20426

SAHTO9E SLTA 13902 LZHGT  B7.031 [LIMHY LG 72 QAWE AUT73 (AR

TR RE. 140 0.0 125014 HS.738  (LINHY 0000 1021 151 908